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IMF-1
- SUMMARY SFECTRA ON MAG TAFE
71~019A-15C
Thiz data set has been restored. There was originally
1 Binary 9-Track, 1600 BFI tape. There is one restored tape.
The IR tape is a 2480 cartridee and the 0S tape is F-track, &42T0 BPI,
The tape was created on an IEM 360 computer. The DR and DS number

along with the corresponcing I rumber and the time span is as folliows:

DFR# [S# D FILES TIME SFAN

[IRO3004 LS03004 027397 3 04720771 -~ 09/26/72




REQ. AGENT RAND NO. ACQ. AGENT
CMP RC6828 CDW

IMP-I
SUMMARY SPECTRA DATA
71-019A-15C
This data set catalog consists of 1 magnetic tape.
The tape is binary, 9-track, 1600 BPI with a standard
label and contains on file of data. This tape was created

on an IBM 360 computer.

D# C# LABEL TIME SPAN
D-27597 C-18427 ¥1101 04/20/71 - 09/26/72




VG _TMP=6 RADTO ABTRONOMY MXVERTMENT DATA SUMMARY

This document describes the basic data et compiled from the
Goddard Space Flight Center radio astronomy experiment on IMPfG
(Explorer 43), The IMP-6 spacecraft was.launched into a highly el-
liptical orbit (eccentricity of 0.94, 206000-km apogee, 354-km perigee,
4,18-day period) on March 13, 1971, The IMP-6 spacecraft was spin-
stabilized with the spin axis oriented toward the South ecliptic pole

and a spin rate ~ 5,5 RPM, The Goddard radio astronomy experiment

operated from 13 March 1971, to 26 September 1972, The antenna used by
the Goddard experiment was fully deployed on April 20, 1971, and the

basic data set covers all measurements from that date until the end

_ of the experiment lifetime (orbits 10 through 136), During this period

radio measurements of the cosmic noise background and-of & variety of
transient sources in the solar_system were obtained at frequencies
between 30 kHz and 10 MHz, A description of the experiment has been
published by Brown (1973), and a complete bibliography of all papers
published on the results of the Goddard radio astronomy Experiment

1 attached to this document.

The Goddard radio’astronomy experiment (Fig, 1) used a 91-m dipole
antenna which was comprised of two colinear, 46-m, X-axis (i.,e. per-
pendicular to the spin axis) monopoles connected to individual wide-
band high-impédance preamplifiers, The preamplifier outputs were
combined in an electronic balun/power-splitter and then fed to two
step-frequency, total-power fadiometers. Each receiver sampled 32

< .

discrete frequency channels once every 5,11 sec, Receiver 1 (SFR-1)

operated between 30 kHz and 9.9 MHz with a crystal-controlled iF
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bandwidth of 10 klz and a post-detection integration time constant of 6 ms.
Receiver 2 (SFR-2) operated between 30 Kz and 4,9 MHz with a crystel-
controlled IF bandwidth of 3 kHz and po;t-detection integration time of

40 ms, The individual receiver channel frequencies are listed in Table 1.
Each receiver had a total dynamic range of 60-dB which was divided into

two 30-dB ranges in order to pruﬁide good (+ 37) amplitude resolutiom,

In-flight calibration was automatically performed by injecting a
sequence of four noise levels (two in each tec;;ver range) from &
calibration noise source in place of the antenna signal every 2.9 hr,

The long-term drift in receiver gain determined from thes; data was
approximately - 0,5 dB during the first six months of the flight and
= 1,5 dB after 16 months of operation,

The most serious instrument performance problem encountered was
due to saturation level signals at the pre-amplifier input which re-
sulted in the generation of intermodulation products in the RF amplifiers
which then appeared as wide-band signals in the telemetered data, This
problem was most acute when intense kilometer wavelength emissioné from
the terrestrial magnetosphere were observed at frequencies in the 200-
300 kHz range. An example of an event with signficant intermodulation
interference artifacts is shown in Figure 2.

Daily dynamic spectral plots were generated uging the first 28
frequency channels of SFR-2 in the following fashian. For every 10-
minute interval of data, signal intensity distributions, N(I), were
calculated at each frequency by sorting the data in 1-dB bins, Then

the values of the mean, minimum, and maximum signal levels as well
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as the mode (most common value) of the distribution were determined

for each 10-min interval at each frequency;‘ These data were used to Y

generate four 24<hr dynamic spectral disp1£§s which showed the varia~
tion of the average, minimum, maximum and mode of the received noise
as a function of frequéncy and time with 10-min resolution, The intensity‘
scale was plotted in increments of 1 dB with respect to the average back-
ground level at each frequency determined from studies of the long-term
baseline level, The display format is illustrated and explained in
Figures 2 and 3, N
The dynamic spectral plots discussed above were generateh from
data contained on the IMP-6 Ten Minute Summary Tape. The contents and
format of that tape are described in the appendix, 1In addition to the .
average, minimum, maximum and mode, the Ten Minute Summary Tape con- ’ .
tains the average direction of arrival of emission at each frequency,
The arrival direction was determined from the modulation pattern im-
pressed on the data by the 5,5 RPM spin of the dipole antenna. The
computation of the arrival direction was simply a éourier fit to the
data of a function proportional to 1l + & cds 2(Wt - §) where the spin period,
1/w, was precisely knnwn*;and the phase angle é and'}efel of modulation a were
unknown. The Fourier f;c was ugually done with 12 cdnsecutiveVS.ll-sec samples.
The derived phase anéle was then converted into a solar elongation angle, |
§, in the ecliptic plane with minus to the East and plus to the West.
(Since the dipolg pattern is symmetrical, the deduced arrival directions
have a 180 degree ambiguity.) . The 12-sample processing window was then

slid forward one sample and a new Fourier fit was done. The arrival




directions characterizing each ten~minute interval are averages of the
individual Fourier fits during the interval, Accompanying'euch arrival
direction on the tape is the modulation indéx which is defined as

Smax " Smin

Smax + smin

A N

vhere Smx and Smin are the maximum and minimum power flux predicted

by the best-fit cosze modulation pattern during the processing vindow-
Nominally o ranges from 0 to 1, but due to effects such aa.thg uge of a
limited number of samples and the over-simplified assumption of constant
source flux during the sample window, it often ranges from 0 to 1.5

in actual practice, The modulation index is a measure of either the
size of the emitting source or its ecliptic latitude. Figure 4 shows

how these quantities are related for a source of uniform surface

+

brightness. An exhaustive discussion of the spin modulation analysis

technique has been given by Thihbefg (1976), ! ¢
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TABLE 1, IMP-6 GODDARD RECEIVER FREQUENCIES .
CHANMNEL SFR 1 SFR 2 CHANNEL SFR 1 SFR2 L
1 30 kix 30 kHs 17 600 kg 600 kilz
2 Iy 44 18 737 737 -
3 55 55 19 870 815 |
4 67 67 20 1030 950
5 83 83 21 1270 1030
6 92 92 22 1450 1100
7 110 110 23 1850 1270
8 130 130 24 2200 1450 P
9 155 155 25 2600 1630
10 185 185 26 3250 1850
11 210 210 . 27 3930 2200 . ;
12 250 250 28 4900 2600 ’
' 13 292 292 29 5700 3000
14 375 375 30 6870 3600
15 425 425 31 8300 4200 .
16 415 475 22 9900 4900
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Twenty-four hour dynamic spectrum in which
increasing darkness indicates increasing
intensity., The vertical "stripes" which
appear after 7 hr are due to intermodula-
tion effects in the pre-amplifier ceused
by intense terrestrial noise levels at
frequencies near 0,3 MHz (frequency channels
7-15), The event between 04 and 07 hr
resembling an arrowhead is the upper-
hybrid resonance ncise near perigee ra-
ported by Mosier et al, (1973),
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Fig. 3. Both this figure and Fig., 2 are examples of the

- dynamic spectral displays generated from the

IMP-6 Ten Minute Summary Tape. Increasing dark-
ness indicates increasing signal intensity. Note
(1) a type III solar radio burst at about 19-20
hr, (2) weak terrestrial kilometer wavelength
emission throughout the day, but particularly at
13-17 hr, and (3) interference from the NASA range
and range rate tracking system at 23-24 hr., The
range and range rate interference was particularly
common during the first month of operation and can
be easily recognized by its abrupt onset and sharp
low-frequency limit of about 150 kHs,
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Appendix

-

TAPE FORMAT FOR THE IMP-6 TEN MINUTE SUMMARY TAPE

g 7 T S P S S v A MM T W S A ) A R i T P - R S A S e e S i e

FACH LOGICAL RECORD CONTAINS A SUMMARY OF TER MINUTES OF DATA FIOM THE
SFR-2 RECEIVER (FIRST 28 CUANNELS), THE TEN MINUTE JNTERVALS ARE DEFINED
TO START AT PRECISELY © IIR ON EACI DAY. TIF, LOGICAL RECORD LENGTH 18

416 L-DIT DYTES + A 4- DYTE LOGICAL RECORD CONTROL WORD. THE PHYSICAL

Lo
!Elll'. lNBleihU%E *ﬁxﬂ %

FONTRAN TYPE LENCTH
woab » BYTES
1 I 4
2 I 4

8.4,8 R 4

6 R 4
7=-20 I 2
21-34 1 2
35-48 1 2
49~62 X 2
68-69 1 1
T0-76% "1 1
TT~B3% 1 1
84=90x I 1
91-97 I 1
98104 I 1

(=420:k77+4) . THE TAPES ARE .
ITIES IN EACH RECORD ARE! LIRACK, 1690 D7

DESCRIPTION

e e e o e i e i i hs i e S e ol

DATE IN YYMUDD FOMM (E.G. MAY 16,1971=7103156)
UT IN ELAPSED GECONDS FROM @HR AT THE START OF
TEN MINUTE INTERVAL

GEOCENTRIC EQUATORIAL X,Y,Z OF SPACECTAFT (KM
SPIN PERIOD IN SECONDS

THE AVERAGE ANTENNA TEMPERATURE FOR THE FIRST
28 FREQUENCIES OF SFR-2 IN THE ORDER OF TABLEL
THE AVERAGES ARE IR THE FORM 190*xALOG10O(TAVE)
THE STANDARD DEVIATION OF THE AVERAGE ARTENNA
TEMPERATURES ALSO IN THE FORM 100*ALOG10(TSTD)
AVERAGE SOURCE DIRECTION FOR EACH FREQUENCY AS
DETERMINED FROM SPIN MODULATION. STORED iR -
THE FORM 100%PHI (IN DECREES RELATIVE TO SUN
WITH - TO EAST AND + TO WEST).

STANDARD DEVIATION OF AVERAGE SOURCE DIRECTION
ALSO IN THE FORM 160*PHISTD

NUMBER OF SANPLES AT EACH FREQUENCY IR THIS
TEN MINUTE INTENLVAL

2% MINIMUM ANTENNA TENPERATURE IN DB ABOVE 1°K

" 2% MAXIMUM ANTENNA TEMPERATURE IN DB ABOVE PK

KODE (MOST GOMMONLY OCCURRING) ANTERHNA
TEMPERATUNE IN DB ADOVE I°k

NMODULATION INDEX FOIL EACIl FREQUENCY AS DEDUCED
FROM SPIN MODULATTON

STANDARD DEVIATION OF MODULATION INDEX

% TIUE 2% VALUES AND THE MODE WERE DETERMINED BY FORMING IIISTOGRAMS
(FOR EACH FREQUENCY) IN 1 DB INCREMENTS FROM THE INDIVIDUAL
SAMNPLES TAKEN DURING THFE. 10 MINUTE INTERVAL. THE IIISTOGRAMS
VERE THEN SCARNED TO FIND THE LOWEST BIN CONTAINING AT LEAST "
2% OF THE TOTAL NUMBER OF SAMPLEG, THE HIGHEST BIN CONTAINING
27% OF THE TOTAL, AND THE BIN CONTAINING THE MOST SAMPLES (MODE).
IN SONME CASES, NO BIN CONTAINED AT LEAST 2% OF THE VALVES,

S0 A ZERO VAS WRITTEN ON TAPE,

THIS TAPE CAN BE READ AS FOLLOWS (IN IBM FORTRAN 1V)

INTECER%4 A(104) -

LOGICAL*1 NUM(23) ,MIN(28) , MAX(24) , MODE( 28) , ALPHA(28) , ASTIX 28)

INTEGEN*:2 TAVE(28),TSTD(28) ,PHI1(28) ,PHISTD(28)

EQUIVALENCE (AC1), IYMD),(A(2), ISEC),{A(3) , X0, (A(D),Y),
(A(5),2),(A(6) ,BPIN) ,(A(T7), TAVE( 1))}, (A(21),TSTDC i} ),

..

1
2 (C(A(33),PHI(1)),(AC49) ,PHISTD( 1)), (A(63) ,NUM( 1)),
3 (A70) MINC1)),(AC77),MAX( 1)) ,(ACB4),MODE(1)),

4 (A(91),ALPHA( 1)) ,(AC98) ,ASTD( 1))

READC IUNIT, END= X300 A

010
o

—.a -

2 Ve
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